The usefulness of urinary hydrogen peroxide (H 2 O 2 ) as an oxidative stress biomarker was evaluated in 766 healthy Japanese people. The mean level of urinary concentrations of H 2 O 2 was 5.66 ± 8.27 µmol/g creatinine, and was significantly higher in females than that in males.
Introduction
Oxidative stress biomarkers were presumed to change in the 'pre-clinical stages of disease' among healthy people because of the influence of unhealthy behavior related to lifestyle, such as smoking and alcohol drinking. However, few studies engaged in the assessment of these oxidative stress biomarkers for a population who have no disease [8] . Moreover, there are few data to show the critical correlation between these oxidative biomarkers in a healthy population study supporting basic biochemical reactions such as a cascade from H 2 O 2 to 8-OHdG via OH•.
The present study aimed to examine the usefulness of urinary H 2 O 2 as a biomarker of ROS and to investigate if the biochemical cascade from O 2 -to H 2 O 2 in the laboratory occurs in the human body by statistical analysis of related variables among healthy Japanese people.
Methods

Subjects
Data were obtained from a worksite lifestyle intervention study in Japanese city offices in which 847 individuals participated. For the purpose of this study, we excluded subjects who had any history of asthma, atopic dermatitis, or diabetes. A total of 766 subjects were selected.
All subjects were instructed to fast overnight and not consume any beverage or food, except for plain water, before blood and urine collection. The Ethics Committee of Okayama University approved the study (No. 168) and all subjects gave informed consent.
Measurement of health assessment parameters
Blood samples were collected after overnight fasting for at least 10 h. Serum and plasma were preserved at 4°C for the measurement of red blood cells (RBC), white blood cells (WBC), aspartate aminotransferase (AST), alanine aminotransferase (ALT), total cholesterol (TC), high density lipoprotein-cholesterol (HDL-c), low density lipoprotein-cholesterol (LDL-c), triglycerides (TG), hemoglobin A1c (HbA1c), insulin, glucose, and high-sensitivity C-reactive protein (Hs-CRP). Body composition was evaluated using the following respective parameters such as body weight and body mass index (BMI). BMI was calculated by body weight (kg) / height (m) 2 . Information on lifestyles including cigarette smoking, alcohol consumption, and exercise was obtained by self-reported questionnaires.
Analysis of oxidative stress biomarkers
Urinary H 2 O 2 and 8-OHdG were determined in spot urine samples stored at -80°C before analysis. Urinary H 2 O 2 was measured by the ferrous ion oxidation xylenol orange version-1 (FOX-1) method [9] , with minor modification. In brief, urine specimens were centrifuged at 1500 rpm for 5 min at room temperature to remove the cellular fractions. analysis suggests that an increase in oxidative stress is associated with a decrease in fasting serum levels of insulin. That is to say, an increase in oxidative stress is associated with low secretion of insulin from the beta-cells of pancreatic islets. Beta-cells are threatened by oxidative stress induced by excess glucose metabolism because they have a low antioxidant defense capacity [15] . On the other hand, it has been reported that insulin reduces ROS generation by nuclear transcription factors such as nuclear factor erythroid 2-related factor 2 (Nrf2) and nuclear factor-kB (NF-kB)-mediated induction of anti-oxidative enzymes such as catalase, SOD, and glutathione peroxidase (GPx) [16] . In the present study, it is not clear whether ROS reduced insulin generation or insulin reduced ROS generation.
Hypercholesterolemia induced oxidative stress by upregulation of the NADPH oxidase complex [17] and by reduction of mitochondrial antioxidants [18] . In this study, high ORs of H 2 O 2 were shown between the 3rd and 4th quartile of TC in participants under 50 years old.
TC concentrations of the 3rd and 4th quartile were 202-227 mg/dl and 228-417 mg/dl, respectively. Normal levels of serum total cholesterol were 130-200 mg/dl for Japanese [19] .
Therefore, TC levels of the 3rd and 4th quartile in the present results were hyperlipidemic. [29] . Moreover, moderate consumption of alcohol reduced the activity of SOD and GPx [30, 31] . Therefore, it is likely that the reduced activity of SOD may be associated with this reduced OR, although we have no data for the activity of antioxidative enzymes.
Coffee intake augments urinary H 2 O 2 probably due to the contaminating 1,2,4-benzenetriol [32, 33] . Therefore, in this study, as described in the Methods section, all subjects were instructed to fast overnight and not consume any beverage, food, or coffee, except for plain water, before blood and urine collection. However, the contribution of other unknown factors Moreover, this study showed that H 2 O 2 was associated with insulin secretion, total cholesterol, and exercise habit. In the future, further studies with an increased sample size and longitudinal examination of causal relationships are necessary to confirm such associations.
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